INTRODUCTION
The present economic situation in which the American farmer operates demands that, in order to survive, the best possible use must be made of all the resources available. The key to an economically healthy agricultural operation is continued increases in the productivity of farm workers and the quality of farm products with a resulting reduction in the unit cost of farm products. In the past, this increase in production has largely been tied to the increased application of power. Continued increases in productivity and product quality will most likely follow from the intelligent management of power. In particular, expert systems offer an opportunity to more intelligently manage the resources of the agricultural science and education system. By increasing the management potential of system administrators, expert systems can help members of the agricultural science and education system continue to serve agriculture and the consumer, especially in a time of declining resources (Barrett et al., 1985) .
One of the most important machinery management decisions made by a farmer is the selection of a tractor. The cost of buying a farm tractor is such a significant expense in most agricultural operations that the farmer must weigh all possibilities very carefully before making a decision which could dictate financial stability and thus economic survival. In order to overcome such a complex problem, a logical procedure needs to be used.
Numerical procedures for determining the desired tractor power require rigorous computations and a vast array of background knowledge (Hunt, 1983 programs have been developed to simplify these procedures. There are now several microcomputer models available to aid the farmer in determining the required power (Freesmeyer and Hunt, 1985) . The most recent is one developed by Chen (1987) which includes improvements over earlier models by decreasing the run time and by making the model user-interactive. An expert system to aid in farm management decisions is also available. This system integrates a farm management linear program and a companion simulation model with a knowledge-based expert system (Kline et al., 1987) .
The problem, however, is not solved once the desired power has been calculated. The farmer must now decide which specific tractor model is best suited for the operation. This process involves quantitative and qualitative factors which are difficult to define mathematically. A procedure to aid the farmer in this process was developed by Rider et al. (1979) . The farmer can benefit from this procedure; however, presently it does not enable the farmer to easily and efficiently review all the tractors available.
A method which allows the farmer to benefit the most from this procedure could be accomplished with an expert system. An expert system can handle the quantitative and qualitative factors involved in this type of comparison more easily than a conventional computer program. An expert system would allow the farmer to take advantage of this procedure without having to know the variety of tractors available or the background data from the Nebraska tractor tests which are required for each specific model.
OBJECTIVE
The objectives of this project are: 1. To develop a user friendly expert system to assist the farmer in tractor selection. 2. To incorporate tractors ranging from 75 kW to 300 kW (100 hp to 400 hp) into the expert system. 3. To evaluate the system performance for ease of operation, validity of selection decisions and comparative worth.
LITERATURE REVIEW

Suitability of Specific Models
The tractor selection process is not complete once the necessary horsepower has been determined. The decision of which specific manufacturer and model is best suited for a particular operation is a difficult one, especially if there are several models available within the acceptable power range. The farmer has many resources to help in this evaluation, including literature from the manufacturer, Nebraska Tractor Test Reports, dealers and other farmers. Each source of information is useful, but screening the information without bias and determining which factors are most important is difficult. The relative importance of the determining factors may vary for different farmers; however, the farmer is allowed to define the relative importance of each main factor. This procedure is based on rating primary selection factors for each tractor in question and then comparing this total to the total of the other tractors being considered. The primary selection factors included in the quantitative evaluation procedure are fuel efficiency, lugging ability, transmission characteristics, sound level, reliability and dealer services. The values of these selection factors are obtained from Nebraska Tractor Test Reports and from information supplied by the farmer. A worksheet (Appendix A) describes the selection process.
Expert System Applications in Agriculture
Expert systems allow someone who is not an expert in a particular field to make decisions based on the knowledge of the experts in that field. Expert systems have many possible applications in agriculture -from diagnosing plant and animal diseases and soil acidity, to aiding in management decisions (Barrett et al., 1985) . EXPERT SYSTEM DEVELOPMENT The expert system was developed using the EXSYS Expert System Development Package Version 3.1 (EXSYS, 1985) . EXSYS runs on any IBM compatible personal computer. It is a rule based expert system using an if-then-else format.
As discussed earlier, the procedure developed by Rider et al. (1979) forms the basis for the expert system. A knowledge base of stored information necessary to solve the problem was required. The knowledge base was obtained from the Nebraska Tractor Tests. The data required for each specific tractor was determined using the worksheet and input to the knowledge base. The 75% pull was used for all comparisons in the calculation of the fuel efficiency index.
The system is based on the assumption that the farmer knows the approximate tractor horsepower desired. Separate files were developed for each 7.5 kW (10 hp) increment from 75 kW (100 hp) to the largest tractor tested from 1980 to 1986 which was approximately 300 kW (400 hp). Each file covers 10% on both sides of the increment power value. For example, a tractor power of 75 kW (100 hp) evaluates tractors from 67.5 to 82.5 kW (90 to 110 hp). The files were written with the help of the EXSYS editor. The arrangement of the system demands an overlap between the files; thus, a specific tractor will appear on numerous files.
A menu program accompanies the expert system. The menu program does three things for the user. First, it gives the user information about the range of the program and the option to obtain additional information. Secondly, it gives the user a short explanation of how to respond to questions asked by the computer. Most importantly, it provides the farmer with easy access to the expert system.
The selection decisions utilized by the expert system are a direct implementation of the procedure developed by Rider et al. (1979) . It was not the direct purpose of this project to evaluate their comparison method. Thus they are considered the "experts." The focus of this study was on the development of the tractor data files and the implementation of the overall expert system rather than on the quantitative analysis procedure. Data for 113 tractors from the 1980 to 1986 Nebraska Tractor Tests were incorporated into the expert systems. Thirtyone (31) data files were developed with the number of tractors in each file shown in Table 1 . The system should be maintained to retain its usefulness. The data files can be updated each year when new data becomes available.
EXPERT SYSTEM OPERATION The overall system is controlled by the menu program (Fig. 1) . The user has a choice to review the introduction, review the instructions or run the tractor selection routine. When running the selection routine, the computer interacts with the user to obtain the desired horsepower for tractor comparison. It then uses this information to call the EXSYS runtime program and the appropriate tractor data file. On computers with two floppy disk drives, a request is issued to insert the appropriate disk (containing the knowledge base) into the second floppy disk drive. The user is asked a series of questions requesting information required to complete the worksheet shown in Appendix A. This information includes: (a) farmer weighting factors, (b) ability to sustain workload, (c) dealer location, (d) dealer parts inventory, and (e) dealer repair services. At this point the user becomes an "expert" at the local level and the selection is partially based on information from the user. In this manner, the tractor selection procedure conforms to the individual's farming operation meeting the individual's desires and perceived needs. The expert system calculates the comparative tractor index (CTI) for each tractor in accordance with the worksheet in Appendix A. Since this method is to be used as an aid in tractor selection, not to determine a final decision, the results of the CTI calculations are first formatted to a general 0 to 10 rating (with 10 being the highest). The tractor models and their ratings for tractors receiving a rating greater than "5" are presented to the user. If a tractor receives a rating of "5" or lower, it is considered not to be a viable choice and is thus not included in the list of results, although the user has the option of listing all possibilities. The comparative tractor indices for all tractors are also given for further comparison if two or more tractors should tie with the same rating.
At this point, the EXSYS runtime program gives the user several options which are again listed at the bottom of the screen. One important option allows the user to change the answer to any of the questions the computer asked and then see what effect these changes have on the results. All of the options are self-explanatory, but if a question should arise, there is an extensive internal help file to assist the user. When the user is finished making changes, a hard copy may be obtained before continuing.
As with many expert systems, it is apparent that this tractor selection procedure could have been implemented with a "numerical" language as opposed to an expert system shell. The use of an expert system shell to program the selection procedure was based on the following factors: (a) the shell provides easier user interaction, (b) the shell provides an internal help feature, (c) the shell provides the flexibility to change input quickly, and (d) the shell provides the ability for online description of the selection process. The expert system shell also allows the ability to update the tractor data files quickly.
The tractor data files and menu program are available from the authors. However the EXSYS Runtime Program needed to run the expert system is a licensed product and may not be distributed by the authors.
The evaluation procedure consisted of having six farmers and one farm equipment dealer run the system and then fill out a short evaluation form. This evaluation form asked the following questions concerning the ease of operation, performance of the selection procedure and improvements needed. The response to the questions asked during the evaluation are discussed below.
Was this program easy to operate and understand?
. If not please give examples of where the difficulties were encountered:
All seven reviewers answered 'yes' to this question. Even the individuals with no previous computer experience were able to run the program without additional instructions.
Do you agree with the selection decisions made by this program?
Why? All reviewers, except one farmer, answered 'yes' to this question. The most common reasons for agreement were because the system was based on the Nebraska Tractor Test information, which is an independent study, or that the system chose the same tractor that they themselves would have chosen. The one dissenting opinion was given because the best tractor was a four-wheel drive tractor and the user's operation was all row-crop. He did, however, believe that the selection process was correct based on tractor performance. (Note: the second choice was a row-crop model, thus it would be the best choice for his operation and the system still accomplished its goal.)
Do you think this program was helpful?
If you were about to purchase a tractor and you had access to a program like this, would you use it?
Why? All the test subjects thought the program was helpful. All but one said they would like to use a similar program if they were in the market for a tractor. The one farmer who was not sure if he would run the program said that his mind was already made up as to what kind of tractor he wanted and thus this program was not that useful to him. The others gave reasons for wanting to run the program that ranged from getting the information at a fraction of the time it would take without the program to the fact that the information provided was unbiased. Additional reasons presented were that the program will help to narrow the choices that should be considered and possibly provide a means for deciding among these choices, or even suggest a tractor that had not previously been considered.
How could this program be improved? What changes would you like to see or what additions to the program are needed?
The most common response was the need to include economic factors in the selection process. Another important suggestion was to tie into a program that calculated the required horsepower to provide the user with a complete evaluation package. a procedure from Rider et al. (1979) to aid the farmer in tractor selection. 
